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ABSTRACT 


Sodium aluminium silicate hydrate nanocrystals have been successfully prepared through Co-precipitation method. The effect of temperature, time, precursor and a 
key role of aluminium source on the sodium aluminium silicate hydrate nanocrystals properties was explored in this work. The Na,(AlSiO,),.8H,O nanocrystals 
obtained were systematically characterized by X-Ray Diffraction (XRD), Energy Dispersive X-ray Analysis (EDAX), Scanning Electron Microscopy (SEM), 
Transmission Electron Microscopy (TEM), Fourier Transform InfraRed spectroscopy (FT-IR), UV-visible spectroscopy and Photoluminescence spectroscopy (PL). 
The XRD result revealed that the prepared sample possess a Nanocrystals structure which was cubic in structure and it was found that the average crystallite size was 
~17 nm. UV-Vis analysis also confirms that the prepared particles was also nano in size. The morphology of the prepared sample was investigated by SEM which 
showed that the particles prepared was spherical in shape and was confirmed by HR-TEM. Further, the prepared samples were characterized by PL for its 


luminescence property and TG-DSC for its thermal stability. 
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1. INTRODUCTION 

Nanotechnology is a multidisplinary field that involves the integration of various 
disciplines such as technology and science[1]. In recent times Nanocrystals that 
is, the mean size of a crystals ~1 to 10 nm which paves a great interest, in 
electrical and optical properties, and also materials with Nanocrystalline 
properties act as optically homogeneous solids[2]. The turning point in material 
research was the development of Nanocrystals with novel and improved 
properties[3]. 


5000 years ago natural zeolites are formed due to the chemical reaction of saline 
water and volcanic glass, but to produce zeolite in a short time the synthesis of 
zeolites were developed manually with low natural contamination and in high 
purity[4]. Zeolites, made up of crystalline aluminium silicate is one of the most 
important highly porous minerals were commonly used in petrochemical 
industries as catalyst and used for removing the inorganic toxins in water 
treatment field[5][4]. Various methods have been reported in literature for the 
synthesis of sodium aluminium silicate (zeolites) Nanocrystalline materials viz., 
Hydrothermal treatment[4],[6] ,.Microwave and Fusion method[7] . 


In the current study the sodium aluminium silicate Nanocrystals was synthesized 
via the Co-precipitation method. The main aim was to fabricate the sodium 
aluminium silicate hydrate Nanocrystals material and to investigate details about 
the phase analysis, particle size, microstructural studies, surface composition, 
morphological characterization, physical and optical property of sodium 
aluminium silicate Nanocrystals using XRD, UV, EDAX, FTIR, SEM, TEM, PL 
andTG-DSC. 


2. EXPERIMENTAL 

2.1. Chemicals 

Sodium silicate (Na,Sio,) (99.9%, VITSZEE), ethanol (C,H,OH) (99.9%, 
SYSTEM), polyvinylpyrrolidone (C,H,NO)n (LOBA), acetic acid (CH,COOH) 
(SPECTRUM) was used, as purchased without any further purification. 


2.2. Synthesis 

The sodium aluminium silicate hydroxide Nanocrystals were synthesized using 
inorganic method. The Na,(AISi0O,),.,H,O Nanocrystals was prepared by Co- 
Precipitation method. The method of preparation was as shown in Figure (1). 
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Figure 1: Flow chart for the preparation of Na,(AISiO,),.8H,O 
Nanocrystals 
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Preparation of sodium aluminium silicate hydrate nanocrystals: 

6ml of sodium silicate solution was dissolved in 20m of distilled water to get the 
diluted Sodium Silicate Solution (SSS) which was used as a precursor. The 
Polyvinylpyrrolidone (PVP) (3g) was used as a starting chemical which was 
dissolved in 15ml of ethanol. This mixture was stirred for about 10 minutes 
which results in clear solution which was shown in Figure (2a). A 5ml of acetic 
acid, used as a catalyst was added to the previous clear solution and was given a 
vigorous stirring for about 30 minutes at 80 °C with an rpm of 400-500 range. 
Then the SSS solution was added dropwise to the prepared stock solution. The 
solution was stirred continuously for about | hour with the same rpm range. The 
clear solution now slowly turned to milky white colloidal solution which was 
shown in Figure (2b) and was allowed to rest for 12 hours without any 
disturbance Figure (2c). 
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Figure 2. Stirring process (a) PVP+Ethanol+Acetic acid (b) after adding 
SSS to PVP+Ethanol+Acetic acid (c) resultant colloidal solution 
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The supernant liquid was removed and white precipitate was washed with 
distilled water for several times to remove the water soluble impurities[8]. 
Again, the washed precipitate was centrifuged at 1000rpm for lhour. Then the 
sediments were transferred to a petri dish and dried in oven at 100 °C until the 
particles loose its complete moisture. Then the obtained nanoparticles were 
transferred to a silica crucible which was subjected to a thermal treatment in oven 
at 100°C for 5 hrs. The whole process was proceeded at ambient temperature and 
was covered using aluminium foil. There was a change in color of the sample 
before and after thermal treatment which was shown in Figure (3). It was evident 
from the Figure (3), that the before heat treatment the product was white in color 
and after the heat treatment it changed into beige orange color. 


NS 


Figure 3. Resultant product (a) before heat treatment (b) after heat treatment 


2.3 Characterization 

The structural properties of prepared sample were studied using X-Ray 
Diffraction (XRD) analysis. XRD patterns were recorded by Bruker D8 
Advance. SEM- EDAX was obtained using Jeol 6390LA/ OXFORD XMX N 
with Accelerating voltage 0.5 to 30 kV using Tungsten as filament. The 
measurement of UV-Visible absorption spectra and FTIR was performed by 
Perkin Elmer Lambda 365 in the range of 200 nm to 1000 nm and Thermo 
Nicolet iS50 4000 cm’ to 100 cm’ with resolution 0.2cm" respectively. The size 
and shape of a nanocrystals was measured using HRTEM Jeol/JEM 2100 at 
200kV with Point and lattice resolution 0.23 nm and 0.14 nm respectively. These 
studies were carried out from The Sophisticated Analytical Instruments Facility 
(SAIF), Cochin, Kerala, India. The thermal analysis was performed using 
STA449 F3 Jupiter from Netzsch and Photoluminescence study was performed 
using JASCO Spectrofluorometer, these studies were carried out from PSG IAS, 
Coimbatore, Tamil Nadu, India. 


3. RESULTS AND DISCUSSION 
3.1. XRD Analysis: 
The X-Ray Diffraction analysis technique was used to identify the crystalline 
nature and the structural properties i.e., size, and chemical composition of 
synthesized material[9]. 
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Figure 4. XRD pattern of Sodium Aluminium Silicate Hydrate 
Nanocrystals 


Figure (4) shows the XRD pattern of sodium aluminium silicate hydrate 
nanocrystals which exhibits the position of diffraction peaks corresponding to 
the 20 value of (14.45), (18.91), (24.73), (31.74), (37.60), (38.72), (44.19), 
(49.81), (58.63), (60.13) and (65.73) which was assigned to lattice planes of 
(110), (200), (211), (310), (222), (321), (330), (442), (440), (530) and (611) 
respectively which matches with the sodium aluminium silicate hydrate crystal 
structure (Chemical formula: Na,(AISiO,),.8H,O ) and was in well agreement 
with JCPDS No. 00-03 1-1271 which corresponds to sodium aluminium silicate 
hydrate nanocrystals, Crystal system: Cubic[4],[6] XRD pattern shows that all 
diffraction peaks were sharp which confirms that the prepared sample of sodium 
aluminium silicate hydrate has a crystalline phase[10]. The average crystallite 
size was determined using Debye Scherrer's formula, 


Dya=kAV/B cosd 
where, D,,,,— average crystallite size, k— Debye constant (0.9), A—wavelength of 


X-ray, B — full width half maximum of diffraction peak, @ — the diffraction angle. 
It was found that the average crystallite size of prepared sodium aluminium 
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silicate hydrate was ~17 nm. 


3.2. UV-Visible Analysis: 

The UV-visible spectroscopy technique was used to analyse the size, 
agglomeration state, concentration and optical properties of prepared 
materials[9]. 
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Figure 5. UV spectra of Sodium Aluminium Silicate Hydrate 
Nanocrystals 


Figure 5 exhibits the UV optical absorption spectrum of sodium aluminium 
silicate hydrate nanocrystals. A strong absorption peak at 252 nm was followed 
by a weak peak at 317 nm and shoulder peak at 407 nm. These peaks showed the 
maximum absorbance in the UV region at below 450 nm, this confirms that the 
absorbance was in blue shift region[11]. The band gap values estimated to these 
maxima are from the UV cut-off of Sodium Aluminium Silicate Hydrate 
Nanocrystals is found to be 4.92 eV, 3.91 eV, 3.05 eV respectively. 


3.3. EDAX Analysis: 
The Energy Dispersive X-ray Analysis technique was used to check the presence 
of elemental and chemical composition in the prepared sample[9]. 
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Figure 6. EDAX spectrum of Sodium Aluminium Silicate Hydrate 
Nanocrystals 


Figure (6) shows the EDAX result for the prepared Sodium Aluminium Silicate 
Hydrate Nanocrystals. EDAX data furnish that the prepared sample contains 
carbon, oxygen, silica, sodium and aluminium. Presence of negligible amount 
of Al may be due to aluminium foil which is used to cover the beaker and petri 
dish throughout the process, as aluminium foil contains 99.4% of 
aluminium[12]. Aluminium leaches into particles in acidic solution when heat is 
applied[13]. Presence of carbon may be due to the usage of carbon conducting 
tape present in the EDAX machine Jeol 6390LA/ OXFORD XMX N which was 
Ravi Kant Sharma and Ranjana Ghose also noticed the carbon in their work 
during the preparation of nanocrystalline CuO-ZnO mixed metal oxide powder 
prepared by homogeneous precipitation method[14]. 


Thus, from the above EDAX spectrum, the required composition was achieved 
without any impurity traces. 
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3.4. FTIR Analysis: 
The Fourier Transform Infra-Red spectroscopy technique was used to analyse 
the surface composition and ligand binding in prepared sample[9]. 
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Figure 7. FTIR spectra of Sodium Aluminium Silicate Hydrate 
Nanocrystals 


Figure (7) represents the FTIR spectra for the prepared sodium aluminium 
silicate hydrate nanocrystals. From the Figure (7) the band at 463.13 cm’ was 
assigned to Y-O-Y bending vibration (Y= Al and /or Si)[5]. The band noticed at 
573.26 cm' may be attributed to double ring vibration[5][6]. The band noticed at 
653.16 cm’ corresponds to the internal Y-O-Y symmetric vibrations[5]. The 
bands which were located at 738.50 cm’ and 793.56 cm’ was attributed to the 
external Y-O-Y symmetric vibrations[5]. The band which was located at 971.69 
cm" was assigned to the internal Y-O-Y asymmetric vibration[5]. The band at 
1077.45 cm' corresponds to asymmetric stretching vibration of Y-O-Y and Si-O- 
Si bridging[15]. The bands at 1423.88 cm", 1465.62 cm' and 1496.49 cm' 
corresponds to external Y-O asymmetric stretching vibration[6]. Furthermore 
the peaks at 1656 cm’ and 3435 cm' corresponds to bending and stretching 
vibration of absorbed water molecules and C-H group in the sample respectively 


[15}[6][41. 


3.5. SEM Analysis: 
The Scanning Electron Microscope analysis technique was used to identify the 
structural properties (size), agglomeration state and size distribution[9]. 
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Figure 8. SEM images of prepared Sodium Aluminium Silicate Hydrate 
Nanocrystals 


The SEM images of prepared sodium aluminium silicate hydrate Nanocrystals 
were found to be spherical in shape with irregular size, the overall surface was 
noticed to be spongy[5]. During the 50m of magnification it appears to be 
spongy, when the magnification increases to 11m it shows spherical shape. Due 
to the process of aging time and temperature treatment large particles are formed 
which may be due to agglomeration[16]. 


3.6. HR-TEM Analysis: 

The High Resolution Transmission Electron Microscope analysis technique was 
used to identify crystal structure, single particle properties, structural properties 
(size) and structural defects[9]. 
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Figure 9.HR-TEM images of Sodium Aluminium Silicate Hydrate 
Nanocrystals 


Figure (9) depicts the HR-TEM images of prepared sodium aluminium silicate 
hydrate Nanocrystals. The Figure (9a) and (9b) shows an agglomeration of 
cluster Nanocrystals. Other images shows the level of breakdown of 
agglomerated Nanocrystals according to different magnification and 
distribution of morphology with blurred spherical particle[17][5]. Overall, the 
Figure (9) clearly shows that the prepared sodium aluminium silicate hydrate 
nanocrystals was irregular spherical in shape. However, the HR-TEM images 
shows the composition of spherical with irregular shapes which was well 
correlated with the SEM image Figure (8). The agglomeration of nanocrystals 
were due to the presence of water molecules and ethanol in the prepared 
sample[1]. 


3.7. Photoluminescence Analysis: 

The Photoluminescence Analysis technique was used to analyse the optical 
properties and relation to structure features i.e., defects, composition and size of 
prepared materials[9]. 
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Figure 10. PL spectra of Sodium Aluminium Silicate Hydrate 
Nanocrystals 


Figure (10) shows the PL emission spectrum of prepared sodium aluminium 
silicate hydrate nanocrystals at about 250 nm photoexcitation at room 
temperature. The PL spectrum consists of three main emission bands: a strong 
UV emission peak at 374 nm which corresponds to the near band edge emission 
due to excitonic recombination of Na,(A1Si0,),.8H,O Nanocrystals; a blue band 
at 487 nm which may be assigned to the surface defects in the Na,(AISiO,),.8H,O 
Nanocrystals[17]; and a red band was noticed at 728 nm. The peaks in the 
photoluminescence spectra noticed at 374 nm, 487 nm and 728 nm takes the 
optical band gap values 3.32 eV, 2.55 eV and 1.70 eV respectively. Thus, the 
wavelength in PL spectra was shifted from higher to lower. 


3.8. Thermal Analysis: 

The thermal analysis TGA was used to analyse the mass and composition of 
stabilizers whereas DSC was used to analyse the difference in the amount of heat 
required to increase the temperature of samples[9]. 
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Figure 11. TG-DSC of Sodium Aluminium Silicate Hydrate Nanocrystals 


Figure (11) shows the TG-DSC plot of prepared sodium aluminium silicate 
hydrate nanocrystals. The TGA clearly shows two-stage decomposition and 


DSC shows the exothermic peak at 347 °C. In TGA the first stage of 


decomposition, occurred at a temperature range approximately at 100 °C, 
corresponds to the loss of moisture content[18]. The weight loss in this stage is 
about 21.79%. The second stage of decomposition, occurred at the temperature 
range of 120 °C- 400 °C, is attributed to the initial breakdown of reactants[19]. 
The weight loss in this stage is about 29.95%. There was a negligible amount of 
weight loss was noticed above 400 °C-1200 °C. The total weight loss was about 


51.74%. In DSC the exothermic peak noticed at 347 °C may be corresponding to 
the elimination of organic and inorganic materials obtained from the 
decomposition of Sodium Aluminium Silicate Hydrate Nanocrystals[14][18]. 


Above 400°C, no endothermic peaks or exothermic peaks was noticed. 


CONCLUSION 

Na,(AlSiO,),.8H,O nanocrystals were successfully synthesized using the 
Co-precipitation method. The particle and structural morphology were analysed 
using XRD, SEM and HRTEM. The average crystallite size was found to be ~17 
nm. The SEM and HR-TEM studies showed that nanocrystals were spherical in 
shape with irregular sizes. The EDAX spectrum confirms the composition of 
elements which was in accord with XRD analysis. UV-Vis absorption spectrum 
revealed the presence of peaks in blue shift range with corresponding band gap 
values which confirms that the prepared material is in nano range. PL emission 
bands for Na,(A1SiO,),.8H,O Nanocrystals exhibited three emission bands with 
optical band gap energy is shifted from higher to lower. The Thermal analysis 
result showed that the total weight loss of Na,(AISiO,),.8H,O nanocrystals was 


upto 51.74% and above 400 °C to 1200 °C there was negligible amount weight 
loss was noticed. 
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